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HE Fracture Tests — Determination of the
Stress-Bridging Law’

C. Liu

MST-8, Materials Science and Technology Division
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

Abstract

Previous experimental observations showed that the fracture process in
the sugar mock, a simulant of the PBX 9501 high explosive, is completely
different from that in brittle solids, even though the high explosive material
PBX 9501 is quite brittle under tension. A close examination of the fracture
surface revealed that before crack initiation and propagation, a very large
damage region is developed ahead of the crack tip. Since such a damage
region is very narrow, it can be modeled as a stress bridging zone. Due to
the presence of the sizable bridging zone, conventional fracture mechanics
is no longer applicable. Stress bridging has to be considered explicitly in
order to understand of fracture processes in the PBX 9501 high explosive
and the sugar mock. The key element of the bridging model is the so-called
stress-bridging law, which can only be determined through experimental
measurement. In this study, fracture experiments on PBX 9501 high ex-
plosive using an optical technique were conducted. From the experimental
measurement, we determined quantitatively the stress-bridging law, which
characterizes the relationship between the bridging stress and the opening
displacement cross the bridging zone. In this talk, detailed experimental
observations and results will be presented, and future plans regarding the
investigation of the fracture behavior of PBX 9501 high explosive will be

discussed.

' LANL Energetic Materials Review 2001, Los Alamos, New Mexico, August 6-9, 2001.
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Outline

e Background:

~ Previous (failed?) attempt of measuring fracture resistance
of PBX 9501 and sugar mock;

~ Discovery of the fracture sequence in HE: formation and

enlargement of sizable bridging zones.
¢ Recent Progresses:

— Principles of the experimental technique;

— Experimental measurement of the stress-bridging law for
PBX 9501.

e Future Plans:




Brazilian Disk Experiment of Sugar Mock
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Three-Point Bend Fracture Test of PBX 9501

e PBX 9501 three-point bend specimen:

— 75.0 mm

|

e PBX 9501 three-point bend test record:

3 Point Bend Test, PBX 9501, R.T. #1
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Fracture Sequence in Sugar Mock (PBX 9501)

Binder Stretching

Crystal interlocking
& friction

it

Crystal interlocking '
& friction Binder
T » stretching
Crystal interlocking Binder T
& friction stretching
Crack Crack Crack Crack
Initial Bridging Bridging Crack
State Initiation Enlargement Propagation

Stress Bridging Model

¢ Introduce model that explicitly incorporates stress bridging

mechanism.
e Ingredients of the model:
— Bridging zone length: R;

— Bridging stress: o(x1);

— Bridging zone opening: §(2;);  ©rack

— Initiation stress: og.

¢ Key element of the model: stress-bridging law

g = F(d).




Comparison with Experimental CGS Pattern
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@ Failure of the sugar mock (PBX 9501) cannot be characterized
by one critical number (Kjc, for example) as is the conven-

tional approach in fracture mechanics.

e Stress-bridging law has to be measured through experiments.

-Stress-Bridging Law Measurement Using CGS
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Principle of Digital Image Correlation (DIC)

Before
Deformation

After
Deformation

Mathematical Foundation of Digital Image Correlation

I(x) where x € R,  Before deformation;
e Light Intensity:
I.(y) where y € R,, After deformation.

e Mathematical Problem: For a given pair of I(z) and L. (y), find

a mapping relation y = ¢(x) such that

| i) - [@)=0, VeeR |

e Homogeneous Deformation:  y(x)= Fx +b.
e Correlation Coefficient:

5

| | »%{II (2)1.(Fx +b)} % {L(Fe+b)-I@)"
CF, b)=1- i s, or s = ,1
| {[Z I‘Q(w)] [m}g& 2(Fa + b)] }1/ w%ﬁ( ) |

zeR

where C(F, b) = 0 corresponds to perfect correlation. Numer-
ically, one needs to find F and b to minimize C(F, b).




Fracture Experiment Setup For the PBX 9501
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Bridging Stress, o/E (x10%)

Lo oo e 2,
T T o
|
1 ) Applied Load, P/B (N/mm) »n

o r.m«-&ﬂmn-n S e N A @ o B t{’
) 1| w..".% . o [7 | IR ELERMASD BLSLALER LR m
| @9
| " ’ _
O : ® éi‘ oy
8 <] | L 8o g "9--
3o | e ® 3@
3 o | ®eo a o 3
(g #ﬂ) 99 b} g’ ‘-Q
= ® = El
sl | &g g.] 2 N
8 | B8 Q
8ol I8 g1 8 s
3 = { o ? S v
ER| g LB o
o | o 35 3 ] -
3 | | o 3 LY,
é © i@ > W

i ® [l Ll [

. : o]

- LJ 9]

o o

ol | | b
A I L Lt

Fracture Behavior of PBX 9501: Future Plans (Wish List)

e Expanding the test matrix:

~ Loading-rate effect on stress-bridging law;

— Effects of different environmental conditions: temperature,
humidity, etc; ‘

— Stress-bridging law under impact loading conditions: gas
gun & high speed photographys;

— Mixed-mode loading conditions: shearing.
e Improving the software package for the DIC technique.
¢ Numerical simulation and verification of the experimental findings:

- ESA-EA: Joebie Gerken, Fred Smith, Joel Bennett;
— Other analytical representations of the PBX 9501 fracture
test are also welcome.

¢ Understand the large-scale bridging phenomenon in PBX 9501 at
the microscopic level.




